Various research activities are carried out every day in research laboratories, including conducting investigations, giving seminars on progress, performing experiments, analyzing results, and writing papers, but all of these activities involve steady, methodical work that does not produce immediate, visible results. For this reason, a mechanism to maintain motivation when research is not going well or to help students get on track with research when they have just been assigned to a laboratory could be useful. Students that have just begun their research may not yet understand how to proceed. In this research, we have developed a research activity concierge (RAC) system, which is a platform to encompass general research activities, and applied gamification to this system to keep motivation high. Furthermore, we investigated the effect of the RAC system on the action setting and motivation and analyzed operational logs to improve usability.
INTRODUCTION
Research consists of various activities. It begins with surveying related research and includes giving seminars on progress, discussing future plans, programming or constructing equipment, performing experiments, analyzing results, and writing papers. However, by looking carefully at these activities, it can be seen that the everyday activities are very boring; sometimes it goes well, and sometimes it goes not so well. Often scientists must carry on without immediate visible results.
Motivation for research increases when it is on track, and the everyday tasks become more interesting. However, when it does not go as expected or when students have just been assigned to a laboratory and do not know which way to turn, it can be difficult to maintain a high level of motivation.
On the other hand, gamification-the use of game design elements in non-game contexts [1, 2] -has attracted enormous interest across a range of different areas. Recently, education has been gamified [3, 4] . Bodnar and Clark put game-based learning into practice in undergraduate engineering classrooms and obtained very positive results [5] . Ohira et al. incorporated gamification into seminars and found that students' motivation to speak better and argue was markedly improved [6] . González et al. proposed an intelligent tutoring system including gamification elements, which improved student achievement and enhanced learning [7] . Therefore, we have proposed a comprehensive gamification framework for general research activities [8] . Specifically, it provides a platform for recording and organizing everyday issues and tasks arising in discussion and for visualizing the results when they are applied to real actions.
In this research, we have developed a research activity concierge (RAC) system, which is a platform to encompass general research activities, and applied gamification to this system to keep motivation high. The paper will report the effect of the RAC system on action setting and motivation and the improvement in usability by analyzing operational logs.
RESEARCH ACTIVITY
In recent years, the IDC (interest driven creator) theory [9] has attracted much attention. The past learning methods and teaching methods were "examination-driven", that is, students learnt to succeed in exams. Since the beginning of the 21st century, the learning and teaching methods have been changing to "interestdriven", that is, students study what they interested in. By studying interesting things, students can actively engage in learning. It is expected that students can become "interest-driven creators" by studying interesting things every day.
That is, it is important to engage in intellectual creation activities by being interested in the activities. Furthermore, we can say the same thing about research activities. It can be said that students do not know what kind of activity to carry out because they have not been shown a global image of research. Therefore, it is thought that research activities can be smoothly executed by preparing guidelines of research activities for such students. Therefore, first of all, it is necessary to list the activities performed in research.
Novel methods that classify learning activities have been executed until now. For the educational knowledge administration of a university, García-Peñalvo et al. defined four characteristics of learning activities, science and technology, methods, and results, and in particular classified learning activities into 22 pieces [10] . They reported that it is easy to search accumulated knowledge by subdividing the learning activities, and they are useful for knowledge administration.
In this research, we classified all research activities into 11 main activities and 100 sub-activities. We called this the research Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. The main activities focus on the activities performed in every area of research. In our laboratory, although the main activity of "acquiring special knowledge and technology" includes the subactivity of "writing a program," if it changes according to the area of research, it can be used in other areas of research. Moreover, the main activities cover activities after a student is assigned to a laboratory until he/she graduates. We arranged activity nodes in a clock pattern on the research activity map in such a way as to be able to carry out activities in sequence.
Each activity is subdivided into simple and practicable actions according to the level of difficulty. In this research, we subdivide the main and sub-activities into about five hundred actions. For example, in the activity of "experiments conducted using human subjects," the actions at the time of the experiment of "explaining the content of an experiment" and "performing a questionnaire" and the actions after the experiment of "summarizing the result of questionnaire" are included. Moreover, the action of the subject of "participating in an experiment as a subject" is also included. Thus, by showing concretely the action to achieve a goal that should be performed in research activities, users can choose an action without omitting any actions.
Furthermore, we prepared about 240 activity results that can acquire the practice status of a target action automatically and can perform statistical assessment. In our laboratory, we use commercial software and an independently developed system. By acquiring and analyzing the usage history from each system automatically, showing a user the result of an activity, and admiring the outcome automatically produced during the activity, it is thought that the user's motivation will be improved. The activity results are quantitative, for example, in the activity of "writing a program," the results of "committed 1/5/10 times," "wrote 1/10/100 lines," and "accumulation of code passed 1000/5000/10000 lines" are prepared.
RESEARCH ACTIVITY CONCIERGE
Systems developed to support research activity include, Papits [11] for sharing information about ``know-who'' in a university laboratory, MIRASS [12] for improving usability of scientific search engines for medical informatics through data mashup, and systems for managing repositories of resources accumulated through research activities in a laboratory [13, 14] .
In this research, we have developed the "research activity concierge", a comprehensive support system for general research activities, by introducing a gamification framework for organizing issues and tasks based on seminar content and visualizing research activity based on performance of the tasks. The system provides a service that supports research activities seamlessly.
Figure 1. Research Activity Concierge system overview
As shown in Figure 1 , the research activity concierge system consists of three basic tools: the research activity organizer (RAO), the research activity visualizer (RAV), and the research activity watch-dog (RAW). RAO is a tool for organizing issues and tasks based on seminar content, and RAV is a tool for visualizing research activity based on performance of issues and tasks. RAW is a tool that constantly monitors the information input and output from RAO and RAV, describes the current state to the user, and makes recommendations for action. RAO and RAV are applications that run on a web browser. In this research, since we carried out experiments and analysis using RAO and RAV, we will explain them each briefly.
Research Activity Organizer (RAO)
A screen shot of RAO is shown in Figure 2 . The right side of the screen is statement view for browsing the content of a discussion in a seminar, and the left side of the screen is note view for organizing issues and tasks.
h Figure 2. Research Activity Organizer
Users organize the statements in note view, while viewing them in statement view. Users can create notes for various research activities, such as surveys, implementations, or writing papers, and record detailed information in memos. For example, they could create a note called "future necessary development" and create memos for each function to be developed.
Users can also create a note on a research activity map displayed by RAV, which we will describe later. When users choose an activity on a research activity map and click on the icon of "creating a note", a screen on the browser will transition to RAO and the created note will be displayed. It is also possible to attach four kinds of progress tags to a created memo, such as not-yet, inprogress, completed, or pending. Actions can also be selected on a research activity map and attached to memos in the form of tags. Thus, created memos can record what research activity they relate to.
Research Activity Visualizer (RAV)
RAV is a tool for visualizing research activity. It can visualize issues, tasks, and relationships that result from related research activities organized with RAO on a research activity map ( Figure  3 ). RAV can also show the state of processing for such items quantitatively.
For this research, we used external tools and systems as much as possible for recording digital data, so that the results of practically using issues and tasks can be handled quantitatively. In our laboratory, we use both commercial software and independently developed software (Table 1) . These software packages enable the recording of the number of statements in discussions, times users view seminar content, items committed in repositories, and words users input during paper writing, together with the dates and times. An API or plug-in is used to retrieve information from each external tool or system, and when the user performs a research activity based on an issue or task, an outline of the action is retrieved by RAV. The selecting of a target action from 500 actions and the confirmation of attaining one of the 240 activity results are performed and can be seen in the action and result graphs on RAV. The number of actions and results prepared by the activity is indicated on the left side of each activity node on RAV. When a user clicks on it, the corresponding graph is displayed as shown in Figure 4 . 
APPLICATION OF GAMIFICATION TO RAC
The gamification framework for research activities is shown in Figure 5 . This framework has eight elements [8] : "goals", "rules", "visualization", "design", "social", "tutorial", "difficulty adjustment", and "play cycle." In this research, we applied three elements of goals, rules, and visualization to RAC.
Goals
Users set up simple and practicable goals obtained by subdividing research activities and perform daily research activities. This system uses actions that subdivided each activity into the level of issues and tasks as described in Section 2.
Users use RAV for setting up a goal. Users choose the activity that should be performed on the research activity map. If a user clicks a numeric value at the upper left of an activity node, the action graph will be displayed, and the user can see the list of actions prepared by the activity. Under each action name, the difficulty level, standard required number of days, the average score of self-assessment, the highest score of mutual evaluation, and the number of stamps received from others are displayed from the left. When a user selects an action from the action graph, a pop-up window, as shown in Figure 6 , will be displayed. In this window, the user inputs the required number of days to finish the action. By setting up the required number of days, the user can understand at a glance which action should be performed preferentially. Moreover, when an action is finished in fewer days than the number of required days, the experience point increases as a bonus. On the research activity map, the activity node to which the goal is set is highlighted red. 
Rules
The rule element provides a method of evaluation for goals. The three methodologies of self-assessment, mutual evaluation, and automatic estimation evaluate the target action.
Self-assessment means that the user evaluates his/her own actions on a five-point scale. Since it is difficult to judge by computer whether a goal has been achieved depending on the activity, in this system, it is considered that the user has finished the target action by performing self-assessment. A screenshot of selfassessment is shown in Figure 7 .
Mutual evaluation means getting a user's action evaluated by other users. Two indicators exist in mutual evaluation. One is a stamp assessment. This is not being concerned with the content of activity, but getting the activity itself evaluated. There are three types of stamp: "Like!", "Great!", and "Thanks!" A screenshot of mutual evaluation is shown in Figure 8 , and the type of stamp is shown in Figure 9 . The other indicator is a five-point scale assessment. The stamp assessment evaluates the activity itself, and a five-point scale assessment is used to evaluate the content of activity. Mutual evaluation becomes possible after a user finishes self-assessment.
Automatic estimation is utilizing the usage history of the tool/system used for each research activity and judging the target action mechanically to get the activity result. In automatic estimation, the system judges using only the quantitative evaluation of the action. Moreover, to use a tool/system for some but not all actions, automatic estimation is carried out only for a goal that can be achieved and judged mechanically. For example, in the main activity of "discussion", since metadata is recorded by discussion recorder, the action about the frequency of utterances of "making remarks once" and the action "to acquire agreement" can be judged mechanically.
Visualization
The visualization element provides the Web page that can confirm the achievement status of goals, the number of activity results gained, etc.
In the top page (Figure 10 ), the user can confirm the list of the achievement status of actions and results that he/she and other users have set up. Moreover, users can confirm the mutual evaluation etc. that was received after the last login. In addition, users can see the status, such as level, experience, rank, coin, badge, item, and mission (one part is in trial use).
On the status page (Figure 11 ), users can confirm the number/fraction of achievements for actions and results and the status for every main activity in the research activity map. Moreover, the graphical representation of the detailed information, such as the accumulation of the action numbers attained in one week, and the total number of stamps "given to/received from" the other users in the mutual evaluation is shown. Thereby, in all research activities, users can confirm which activity has been performed a lot and which activity has not been performed enough. 
EXPERIMENTS AND ANALYSIS

Analysis of Goal Setting and Motivation
To assess the effectiveness of the proposal system and gamification, we conducted experiments. Specifically, we investigated the effect of the arrangement of issues and tasks by RAO and the visualization of the mutual evaluation and the automatic estimation on goal setting and motivation. The subjects that participated in the experiments ranged from undergraduate seniors (B4) to second year graduate students (M2). There were ten students (B4: five students and M1 and above: five students) in our laboratory (Table 2) . Regarding with/without RAO, with/without visualization of mutual evaluation, and automatic estimation, we analyzed, based on the activity logs, what kind of difference arises in the status of goal setting, self-assessment, and activity results. The experimental period was about one month from November 24 to December 31, 2015. First, to compare with/without RAO, we examined the number of action settings and the rate of self-assessment. The average for the group is shown in Table 3 , and every student's result is shown in Figure 12 . From this result, in both B4 and all, the group using RAO had the number of action settings and a high rate of selfassessment. A t-test showed the difference between two groups regarding the action settings at a significance level of α= 0.05. Moreover, we found that the user of RAO is performing more activities. Figure 13 shows the number of action settings and achieved results for every student. Furthermore, from the questionnaire, the opinion that motivation was improved by RAO was acquired for groups B4 (C, D, and E). Next, to compare with/without visualization of mutual evaluation and automatic estimation, we investigated the number of action settings and the rate of self-assessment. As a result, regarding B4, there is a tendency for the groups who visualized the results of mutual evaluation and automatic estimation to have a high number of action settings and a high rate of self-assessment, but there is no significant difference. From the questionnaire, four students (C, E, G, and J) answered that activity was promoted by visualization of mutual evaluation among six students who saw the result of mutual evaluation and automatic estimation. However, we found that there is concern that motivation falls conversely by performing a mutual evaluation of the action with low self-assessment. Moreover, we also found that there are some matters, such as impatience due to seeing other users' activity, methodology, and timing that present a mutual evaluation result effectively.
Analysis of Gamification and User Interface
We used a questionnaire to conduct a survey on gamification and the user interface.
First, as a result of answering the question "whether the gamification was effective in promoting research" in five levels, we found that 70% of users felt it was effective, but 20% of users did not think it was effective. There were some users who felt interest due to introducing the game elements, and they said that "I start to like the idea of achieving a goal" and "I was happy to increase my level," as affirmative opinions. On the other hand, we found that there were users who thought that it was not effective because of the low usability said "the goal setting was troublesome". Also, the necessity for game elements was not introduced leading to the comment "I would like to see others' status," and so on.
As for functions users want us to improve and add, "Appearance and animation that make change of status understood intuitively", "general operation experience", and "push notification of the update information" was listed. We think that these problems are solvable by "improvement of the visualization element", "realization of a tutorial element", and "introduction of RAW."
Next, we analyzed the operation log and investigated a user's behavior regarding difficulty of actions, mutual evaluation, and goal settings.
The action currently used by this system includes its difficulty and standard required number of days as reference information. These are the numerical values determined by the questionnaire for students in our laboratory.
The frequency graph of the average of the self-assessment for the difficulty of an action is shown in Figure 14 . As a result, since an action with low difficulty has a high average score and an action with high difficulty has a low average score, it is thought that the difficulty is set up correctly on the whole. On the other hand, in spite of having to set up the action, action that was ended without self-assessment also exists. The operation log showed that only B4 students behaved in this way. It is considered that lack of foresight led to such as act for an inexperienced B4 student. As for the solution, we consider that raising an alert for too many hard actions based on the activity history of the student who performed the same action in the past would be feasible.
Figure 14. Score frequency of actions according to difficulty
Although three types of stamps were prepared for the mutual evaluation, the usage rate of each stamp within the experimental period is 77% "Like!", 21% "Great!", and 2% "Thanks!". "Like!" is a common notation in SNSs, such as Facebook and Twitter, and it is expected to have been easily pushed by students. On the other hand, the stamps of "Great!" and "Thanks!" are greatly dependent on the result of the content of others' activity and mutual help. Therefore, the design of the presentation of the memo regarding the content of activity is needed at the time of displaying the interface regarding a mutual evaluation. However, since it is also a matter in connection with privacy, the restraint of limiting when a user expects an active assessment by the others is important for the display of memos.
We analyzed the relationship between the action including selfassessment and the next action. When the next action was set up within 5 minutes, users had set up the next action in many cases within the same activity in which the first action was performed and self-assessment was contained. On the other hand, when it had taken 5 minutes or more to set up the next action, the following action was at a distant location on the research activity map in many cases. It is considered that system improvement that can smoothly perform action settings based on a micro viewpoint and activity selecting by bird's-eye view are required. Moreover, as a different way for appropriately finding the action that should be performed next, we think that recommendation of the next action based on research activity logs would be effective.
SUMMARY AND FUTURE TASKS
In this research, we developed and introduced the research activity concierge as a comprehensive gamification platform for general research activity. As a result of analyzing activity logs, we found that students' research activities were more active. Moreover, as a result of the questionnaire, we also found that the motivation of B4 students was improved. These results were especially apparent in inexperienced students recently assigned to the laboratory.
A future task is to verify the effectiveness of our system through all the research activities. As for other tasks, a setup of elements other than goals, visualization, and rules in the gamification framework would be valuable. In particular, the design element that includes rewards and the social element that promotes competition are important as elements that raise extrinsic motivation.
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